Background Estimates of the economic cost of risk factors for chronic disease to the NHS provide evidence for prioritization of resources for prevention and public health. Previous comparable estimates of the economic costs of poor diet, physical inactivity, smoking, alcohol and overweight/obesity were based on economic data from 1992-93.
Introduction
Chronic diseases are the leading cause of death globally. 1 In the UK, each year .35% of total deaths (c. 200 000) are due to cardiovascular disease (CVD), with cancer causing a further 157 000 deaths. 2 The total cost of CVD to the UK economy is estimated as £30 billion, 60% due to health-care costs. 3 The National Institute for Health and Clinical Excellence has emphasized the importance of taking population level measures to prevent CVD in the UK. 4 Many chronic diseases share common behavioural risk factors such as tobacco smoking, unhealthy diet, lack of physical activity and alcohol use. 5 It is estimated that up to 80% of heart diseases, stroke and type 2 diabetes and over a third of cancers could be prevented by eliminating those shared risk factors. 6 One-fifth of UK adults regularly smoke cigarettes 2 and more than a fifth of men and around 15% of women regularly exceed government benchmarks for heavy drinking. Self-reported physical activity levels in England and Scotland have slowly increased over the last 10 years; however, accelerometry data suggest that actual physical activity uptake may be far lower.
8 Progress towards the target consumption level of five portions of fruit and vegetables a day has been slow and the intake of sugar and saturated fat remains higher than recommended levels. 9 Clear estimates of the economic burden of these risk factors are important to help prioritize public health strategies. Recent work has established a method of producing comparable results for the economic burden to the NHS in the UK of disease associated with poor diet, smoking, alcohol intake, physical inactivity and overweight/ obesity.
10 - 14 The methods used to develop these results rely on an estimate of the percentage of the total budget of the NHS that is spent on different diseases. Until recently, the most up-to-date breakdown of the NHS budget by disease category was produced in 1996, and referred to the budget of the NHS in 1992 -93. 15 Therefore, the estimates of the economic cost of poor diet, physical inactivity, smoking, alcohol and overweight/obesity were based on the assumption that the contribution of different disease categories to the overall NHS budget has not substantially changed since 1992 -93. Recently, a new assessment of NHS costs by disease category has been produced, based on the 2006 -07 NHS budget for England. This paper reports on an update of the estimates of the economic burden to the NHS of poor diet, physical inactivity, smoking, alcohol and overweight/obesity to 2006 -07 prices, using the updated data on cost by disease category.
Methods
Estimates were developed and tested using these steps: 10 -14 (i) Identification of diseases where poor diet, physical inactivity, smoking, alcohol or overweight/obesity are risk factors. (ii) Identification of the total economic cost to the NHS in the UK for these diseases. (iii) Identification of the population attributable fractions (PAFs) relating to the risk factors for each disease. (iv) Application of these PAFs to economic cost data, to calculate the direct burden of those risk factors. (v) Sensitivity analysis for each estimate.
Cost data (Step 2) were updated using 2006 -07 NHS costs by disease category from the NHS Programme Budgeting estimates for England from 2006 to 07. 16 Previously these estimates were taken from 1992 to 93 cause-specific cost estimates 15 and inflated to 2002 costs for each risk factor listed in Step 1. The disease-specific cost estimates were collected from all PCTs in England, who were asked to categorize all spending in primary and secondary care services into 23 broad and 57 more detailed disease categories, based on the tenth revision of the International Classification of Disease. The more detailed categorization was used for the analyses reported here. The programme budgeting database only provides estimates for costs for the NHS in England. For each disease, we applied the percentage of all costs in England to the total budget of the NHS in the UK (under the assumption that the distribution of NHS costs between diseases in England will be broadly representative of the situation in the UK). The total budget of the NHS in the UK for 2006 -07 was provided by combining budgets for the NHS in England, 16 Scotland, 17 Wales 18 and Northern Ireland.
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In some cases, the disease categorizations provided in the 1996 burden of disease report 15 and the 2006 -07 programme budgeting database had changed. Table 1 provides a comparison of the disease categories in the 1996 and 2008 reports.
For the calculation of the burden of alcohol-related ill health, special attention was made to the 2006 -07 disease categorization of 'trauma and injuries'. This broad category needed to be further broken down to drowning, falls, motor vehicle accidents, self-inflicted injuries, and other unintentional injuries in order to apply the necessary PAFs. This further stratification was performed by applying the proportion of deaths from each sub category (compared with all deaths from trauma and injury) to the cost of all trauma and injury (see Table 2 ). The mortality data were taken from the World Health Organization's (WHO) estimates of mortality for WHO member states in 2004. 20 These estimates were derived by the WHO using disease-specific death certification data from the UK for an earlier year, and then projecting estimates to 2004.
For physical inactivity, smoking, alcohol consumption and overweight/obesity, the counterfactuals associated with the estimates of economic burden are drawn from the WHO global burden of disease project, and relate to the theoretical minimum within a population. The counterfactuals were therefore zero smoking, zero alcohol consumption and everyone within the population achieving at least some activity at work, home, for transport or during discretionary time. Because of the J-shaped relationship between alcohol intake and many health outcomes, this counterfactual allows for the increase in risk for some individuals and decrease in risk for others. 21 For overweight/obesity, the theoretical minimum was taken to be the part of the distribution associated with the lowest risk, i.e. everyone in the population with a body mass index of 21 kg/m 2 . 21 The counterfactual for poor diet is more complicated as diets are multi-factorial. The global burden of disease project calculated PAFs for individual risk factors and warns that the PAF for combined risk factors for any specific 24 and conservatively estimated that 10% of DALYs were due to diet.
14 Since 30% of DALYs in the WHO European region were due to CVD and cancer, we assumed a PAF of 0.33 for diet. Using this method, it should be assumed that the counterfactual for poor diet is a combination of all counterfactuals for diet-related risk factors in the global burden of disease project: everyone consuming 600 g per day of fruit and vegetables, having total cholesterol levels of 3.8 mmol/l and a body mass index of 21 kg/m 2 . A sensitivity analysis was conducted to assess how sensitive the results were to the assumption that PAFs generated for the WHO EUR-A region were suitable for use in the UK. Prevalence rates used to generate the PAFs for each risk factor were compared with equivalent rates drawn from the Health Survey for England 2006 25 and the General Household Survey 2006. 26 The ratio between the UK prevalence rate and the EUR-A prevalence rate was applied to the modelled cost estimates, and the range for the sensitivity analysis was between the estimates adjusted for UK prevalence rates and the original estimates using the EUR-A prevalence rates. The cost estimates for poor diet were not included in the sensitivity analysis because of the difficulties in defining PAFs for poor diet, as described already.
Results
In 2006 -07, 46% of total NHS costs (over £43 billion) were due to diseases related to poor diet, physical inactivity, smoking, alcohol and overweight/obesity (although not all of these costs were due to the risk factors, since not all of the incident cases of these conditions were due to the risk factors) (Table 3) . Of the behavioural risk factors, £5.8 billion was spent on poor diet-related ill health, £3.3 billion on alcohol-related ill health, £3.3 billion on smoking-related ill health and £0.9 billion on physical inactivity-related ill health. Over £5 billion was spent on overweight/ obesity-related ill health, although this includes costs from poor diet and physical inactivity.
Proportional NHS costs due within disease categories were similar in 1992 -93 and 2006 -07 for most of the diseases with some notable exceptions. For example, the percentage of NHS costs due to cerebrovascular disease fell from 4.1% in 1992 -93 to 1.2% in 2006 -07, and costs due to osteoarthritis increased from 1.6% in 1992 -93 to 5.0% in . This difference explains some of the reduction in the estimate of smoking-related ill health, from £4.4 to £3.3 billion. The estimate for the cost of alcohol-related ill health increased, due to an increase in the percentage of NHS costs due to alcohol-related conditions. Table 4 shows the results of the sensitivity analysis. For physical inactivity, alcohol consumption, and overweight and obesity, the prevalence estimates for the WHO EUR-A region were very similar to equivalent estimates for the UK in 2006, and as such the sensitivity range for the costs associated with these risk factors is narrow (ranging from £5.1 to £5.2 billion for overweight and obesity). This was not the case for smoking, where the UK prevalence of smoking is considerably lower than the prevalence in the EUR-A region. The sensitivity range for smoking was £2.3 to £3.3 billion.
Discussion
One of the aims of deriving comparable estimates of the cost of risk factors to the NHS is to provide evidence to allow policy-makers to prioritize interventions aimed at preventing chronic disease. The update of cost estimates using more recent data on cost by disease category is therefore important to ensure that the evidence is up-to-date and reliable. The updated estimates reinforce that the largest economic burden to the NHS is due to poor diet and that much of this food-related burden is due to overweight and obesity. Physical inactivity asserts a considerable burden on the NHS, but not as high as other behavioural risk factors.
The main difference between the results presented here and the original estimates is that the economic burden of alcohol is now similar to the burden due to smoking. It is important to remark that this change in priority is not directly due to changes in the prevalence of smoking or binge drinking in the UK (since the PAFs used to calculate both sets of estimates were the same). Rather, it is due to changes in the disease-specific costs associated with alcohol and smoking. In turn, these differences in costs may be due to changes in the incidence of these diseases (which in turn could be influenced by the prevalence of smoking or binge drinking) or changes in the cost of treatment of these diseases. For example, the impact of unipolar depressive disorders (which are associated with alcohol intake) on the NHS budget has changed considerably between the 1991 -92 15 and 2006 -07 estimates 27 -due in part to differences in coding these conditions in the two reports (see Table 1 ). Although changes in coding between the reports hinder comparisons between the two sets of estimates, use of the updated 2006 -07 costs ensure a more realistic estimate of the burden of risk factors to the NHS.
The analysis for this paper required a comparison of two sets of cause-specific NHS costs (for the years 1992 -93 15 and 2006 -7, 16 which revealed some interesting changes in relative cost of conditions to the NHS. Such comparisons can be problematic: percentages may change due to a change in spending on a specific condition, or a change in spending on other conditions; changes in spending on a specific condition could reflect changes in incidence, prevalence or treatment methods for that condition. Cerebrovascular disease was responsible for 4.1% of NHS costs in 1992 -93 and only 1.2% of NHS costs in 2006 -07, which seems at odds with the ageing population of the UK. While incidence rates for stroke are falling in the UK, the prevalence of stroke is increasing. 28 It seems likely, therefore, that this change in relative burden to the NHS is either a reflection of considerable uncertainty in the cause-specific NHS cost estimates, or is due to changes in treatment methods for stroke since the early 1990s that have reduced the financial burden to the NHS.
The National Audit Office (NAO) estimated that the direct cost of overweight and obesity to the NHS in 2002 was £1.1 billion. 29 This figure provided a baseline value for simulations of obesity costs in the Foresight project. 30 It is considerably lower than the equivalent reported in this paper, mainly due to the counterfactuals used in the two analyses (BMI ¼ 25 for the NAO report, BMI ¼ 21 here). The cabinet office estimated that population meeting national nutritional guidelines would provide health benefits of £19.9 billion each year in quality-adjusted life years (QALYs). 31 Our estimate is much lower but does not put an economic value on QALYs. The Game Plan 32 estimated that the total cost of physical inactivity is £1.9 billion per annum (£0.3 billion NHS, £0.8 billion work absence and £0.8 billion early mortality)-direct cost to the NHS was higher in our estimate of £0.9 billion, although the authors of Game Plan suggested that the cost to the NHS may be as high as £1.7 billion per annum. Previous estimates of the cost of alcohol consumption to the NHS 33 -35 ranged from £1.4 to £1.7 billion (2.5% of total NHS cost) for England and £ 95.6 million for Scotland (9% of total NHS cost). Our cost estimate is between these two estimates when judged as a proportion of NHS costs (4%). Our updated estimates of the cost of smoking was £3.3 billion while Parrott et al., 36 estimated the cost to be around £1.4 billion in the UK in 1991, and Buck et al., 37 estimated it to be £1.4 -1.7 billion in the UK in the same year, but comparisons with our estimate are hampered by a 15 year gap between the studies.
The methods used to develop the estimates in this paper rely on the PAFs calculated by the WHO.
5,38,39 These PAFs are based on broad WHO regions (specifically the EUR-A region of developed European countries with very low child and adult mortality) and as such they may not accurately represent the picture in the UK. PAFs must take account of the underlying prevalence of a risk factor within a population (since, for example, in a population with zero smokers, none of the ischaemic heart disease could be attributable to smoking), and the use of WHO regional PAFs will therefore affect the accuracy of these estimates. This limitation has been addressed by a sensitivity analysis, which suggests that using EUR-A PAFs for the UK has very little impact on the estimated costs for alcohol consumption, physical inactivity and overweight/obesity, but the results for smoking are more sensitive to this assumption. This is almost entirely due to differences in male smoking rates-the WHO estimates the prevalence of male smoking in the EUR-A region to be 37% compared with only 23% in the UK. 25 This suggests that the cost of alcohol consumption in the UK may be higher than the cost of smoking, and this should be considered when using these results to prioritize public health issues in the UK. A separate but related issue is the uncertainty that accompanies these estimates of the cost of risk factors in the UK regarding the PAFs and the use of cause-specific NHS cost estimates. The WHO suggests that the uncertainty associated 
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with the PAFs for physical inactivity, smoking and alcohol consumption is +10%, whereas the uncertainty for the overweight/obesity PAF is about +3%. 21 The uncertainty of cause-specific NHS cost estimates provides a significant limitation of the estimates presented here.
A further limitation is that the range of diseases associated with each risk factor was taken to be those for which the WHO has calculated a PAF, although there are possibly other additional conditions associated with these risk factors (e.g. physical activity and depression. 40 The possible overlap between risk factors (such as overweight and obesity) was not addressed here but should be considered when calculating the total economic burden of these risk factors.
This study developed a well-established methodology 10 -14 by updating cost data by disease category from 1992 -93 to 2006 -07. The resultant estimates of the cost of risk factors are directly comparable, based on recent financial estimates and can easily be repeated in future years. This updated comparison of costs should help policy-makers to prioritize resource allocation and make effective use of limited NHS resources.
